Development of a legume root nodule is a complex process culminating in a plant/bacterial symbiosis possessing the capacity for biological dinitrogen fixation. Formation of root nodules is initiated by the binding and stabilization of rhizobia to plant root hairs, mediated in part by a receptor/ligand recognition system composed of lectins on the plant root surface and lectin-binding sites on the rhizobial cell surface. The dinitrogen fixation activity of these root nodules may be an important feature of enclosed, space-based life support systems, and may provide an ecological method to recycle nitrogen for amino acid production. However, the effects on nodule development of varied gravitational fields, or of root nutrient delivery hardware, remain unknown. We have investigated the effects of microgravity on root nodule formation, with preliminary experiments focused upon the receptor/ligand component. Microgravity, obtained during parabolic flight aboard NASA 930, has no apparent effect on the binding of purified lectin to rhizobia, a result that will facilitate forthcoming experiments using intact root tissues.
Regulation ofcellular development requires precise binding interactions between signaling molecules (or ligands) and receptor molecules on cell surfaces. Development of legume root nodules is a particularly intriguing example of this interactive process, since nodule formation culminates in a plant/ bacterium symbiosis of both biological interest and economic importance. In the first place, the bacterium and the plant contribute in a symbiotic manner to the fixation of dinitrogen into ammonia and, subsequently, into amino acids. As such, legume root nodules play a crucial role in the ecological recycling of nitrogen and have profound agronomic importance. This feature of root nodule activity will also prove useful in the design of CELSS2, since it will reduce the requirement for resupply of nitrogen fertilizers to space-based CELSS programs (3) . In the second place, root nodule development occurs with a precise pattern of bacterial/plant communication (4), initiated in part by the binding of the bacterium to the cell surface of legume root hairs (2) .
Despite the predicted importance of legume root nodules in CELSS applications, virtually nothing is known about the 
MATERIALS AND METHODS
Lectin was isolated and purified from Phaseolis vulgaris L. (cv Kentucky Wonder) seeds by affinity chromatography, as described earlier (14) . Polyclonal antibodies against purified lectin were raised in rabbits (14) , and an antibody fraction was collected from serum using Protein A affinity chromatography. This antibody fraction (1 mg protein/mL), in 0.5 M NaHCO3 (pH 7), was incubated for 10 min (room temperature) in the presence of 2 mg/mL alkaline phosphatase plus 0.05% glutaraldehyde. After 10 min, the conjugation of enzyme to antibody was quenched by addition of 50 mM glycine. The antibody fraction was again collected by Protein A affinity chromatography, and was used without further purification. Rhizobium leguminosarum biovar phaseoli strain 127K 14 was cultured in yeast extract/mannitol medium to mid-log phase ( 14) , and was used for the binding experiments.
Binding experiments using lectin and rhizobia were performed by Kansas This addition was made in synchrony, and the tubes were rapidly capped and placed in the Microfuge B. At the end of 20 s of timed reduced gravity, the tubes were centrifuged (10,000 rpm for approximately 30 s), the supernatant was removed using a wick constructed of absorbent KimWipe tissue, and the tubes, with rhizobial pellets, were stored. Binding was quantitated as follows. Each tube with rhizobial pellet was washed three times with Tris-buffered saline (pH 7.5), incubated for 10 min with 100 AL of alkaline phosphatase-conjugated antibody. Following incubation, the tube was centrifuged, washed, and recentrifuged three times. Thus, the final pellet of rhizobia contained lectin, which bound to the receptor site on the rhizobial cell surface during reduced gravity, and alkaline phosphatase, which bound to the lectin via the conjugated antibody. Alkaline phosphatase reaction mixture (1 mg/mL nitrophenyl-P, 10 mM MgC92, 0.1 M TrisNaOH, pH 9.5) was added to the tubes, the pellet was dispersed, and, after 15 min, the reaction was stopped with 100 ,uL 3.0 N NaOH. Following centrifugation, A of the supernatant was determined at 410 nm.
RESULTS AND DISCUSSION
Preflight experiments established the feasibility of this model receptor-ligand binding assay as a quantitative tool. Because of the short duration of microgravity, we limited our incubation times to 20 s to ensure that the incubation period would be completed before the aircraft finished the 'controlled free-fall' of parabolic flight. We found that we could obtain quantitative, reproducible binding data during this short incubation period (data not shown). Figure 1 shows the amount of lectin bound to rhizobia during reduced gravity as a function of lectin concentration. The extent of binding increases in a nearly linear manner between 0.2 and 1.0 mg lectin/mL. Also shown are the values obtained at unit gravity, performed by the same investigators on the aircraft upon its return. These results, along with the error bars for both the reduced gravity and the unit gravity measurements, demonstrate that lectin binding to cell surface receptors is not affected by microgravity.
A nearly weightless environment has detrimental conse- (11) ; yet, the predictions are less clear when interacting molecules are associated with membranes or are immobilized on a cellular surface (11) . Thus, it is important to document noneffects of microgravity at such levels. Our results are consistent with the recent demonstration that a different membrane-dependent model, the liposome-reconstituted cardiac gap junction, exhibits unimpaired channeling activity during reduced gravity (1 
